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(54) DIE-CASTING OF CREEP-RESISTANT MAGNESIUM ALLOY 

(57)Abstract 

PROBLEM TO BE SOLVED: To produce a magnesium alloy which is successfully cast as a fluid in a metallic die or a mold to get a 
cast product having a creep-resistant characteristic and used at a comparatively high temperature. 

SOLUTION: A series of die-castable and creep -resistant magnesium alloys are used for such a purpose of a high temperature 
structure as an automobile engine, a transmission gear casing, or the like. Such an alloy includes 3% and 6% aluminum, 1.7% and 3.3% 
calcium, and strontium up to 0.2%, and 0.35% manganese. This alloy has creep resistances against a tensile and a compression load 25% 
larger than those of AE42, which is a commercially available magnesium alloy containing aluminum and rare-earth elements, and an 
excellent corrosion-resistant characteristic compatible with AZ91D. The cost of this alloy is estimated to be lower than that of 
AZ91D, and shows an excellent castability in a metallic mold when it is used for a casting with a permanent casting mold and for die- 
casting. 
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y-7KH (functional creep test) 4$^(0ag 
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- rf-Eu Sieracki, E. G. , Velazquez, J. J., and K 
abri , K. , "Compressive Stress Retention Characteri 
sties of HiqhPressure Die Cracking Magnesium Alloy 
s," SAE Technical Publication No. 960421 (1996). 



W200 0-3 1 9 744 
6 

I4^n •» z^om&LtcKzmbxkzmctec&frMK 

v F±(Dm&t?'j VtOMKlkts. ««*l*tt«:*>W 
i^&cj^M©JEII]ft#£fla;t. 1SHff4>K7 

5o~ioooB#w^ra<„ t> % 6 /jmtmrnrv 

[0 0 15] AE4 2©#-r#*rS0CSRKIWtK: 
W* * Dflt^i ©P B 1©fOT*5BJ e 

#>fc£c-?fc„ f-f*^Hdstifr©5*n», * 

»WiCV**S^A$mF a Rc>'A 1 ^E.OSj* S« 
&.VHkfflffifrh%:'>-k.. 5^7A l 11 E 3 ffltt. CSR 

[0016] 150 -caisi, » * •/-r/ttaawt 

bfco 1 5 0 °C£jfi7L £ A E 4 2 ©if £ y - r/ftJCfctt 

c©^-#© = ? ummctetf&mmtzwi 

A 1 ,EMMg a7 A 1 12 ©»JS"C*5. Mg„A U, 
ttffiifflSfi&fB-C* 5 > 7frflR©£#AZ9 ID, AM 6 
0 , Sc>'A M 5 0. *fcfi«El/. fc££©*Slfi& 

* y -j'tmucoymicmmtz t%*.bti&. c 5 u 

temmt. AlnE^ISSMSMCi*, AE 
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^3 V -~?WtFRUMz:ifcl? v-rm&^r-v 







e t <%> 


d <xlO la r 1 ) 


i5(rc 

12 ksi 


175°C 

10 fcS! 


200 V C 
8 ksi 


i sere 

12 ksi 


175°C 
10 ksi 


200*0 
8 ksi 


A 


AE42 


0.11 


0.12 




9.85 


14.52 




B 


AC52 


0.05 


0.06 


0.26 


4.86 


6.95 


34.30 


C 


AC53 


0.07 


0.09 


0.2S 


6.94 


8.64 


56.40 


D 


AC53+0.3S1 


0.06 


0.07 . 


0.25 


6.94 


13.88 


33.28 


E 


AC53+0.3Si+0.1Sr 


0.03 


0.07 


0.1S 


4.63 


6.94 


22.24 


F 


AC53-K>3SWU5Sr 


0.05 


0.06 


0.14 


7.29 


9.90 


18.90 


G . 


ACS3+093Sr 


0.0(5 


0.08 


0.2S 


9,26 


12.35 


54.49 


H 


AC53+0.07Sr 


0.05 


0.06 


0.20 


5.79 


9.26 


18.53 


1 


AC53-KUSS* 


0.04 


0.08 


0.16 


.3.70 


SJ6 


tut 


K 


AC52+0.1$r 


0.04 


0.05 


0.21 


6.94 


7.50 


28.64 


L 


AC62+C2Sr 


0.06 


0.08 


0.19 


7.28 


10.42 


34.72 



[0 02 9] * * [34] 

<l 0 OflflHKDWfcO. 1%©* !i~W?^ti:5fci!)©ii;A) 





AZ91D 


AS41 


AS21 


AE42 


AC52 


AC53 




*1tl 


AA380 


ksi 


1.4 


1.9 


4.6 


7.2 


10.8 


10.6 


n.9 


n.9 


1 3,4 



[oo3o] ±m(Dmys<Dmvm^ <fc 5 k, a e 4 2 

SO' A S-£sfei ib$ST 5 £ . & A C X IS * y - 

^g#iftab 6 ftT !,>/<;,, §rtA>£#i;£g-*, 15 0°C 
•CA E 4 2 J; 9 < £ 2 0 £ y 

SrWUfc. C(Dil«:teWSAE4 2©0. i%?y- 

9. 4ksi-C$>-S ; T^t5%WS9. 4 ksi, 
1 5 0 °CT'©A E 4 2 U - 7W«, 1 0 0 hr© 

IBItCO. lSfcfcSKt&SS. 1 2 ks1tC*5l,»T (2 8% 

0. 0 5%T*1 AE4 2TOt©k©©^*i§T' 
*£. ACX^fettAE4 2«t0fe«« 

5 0%miT&2>„ CQtHj SO. 15 

* if-?*******. *<E«MiM*««:^s(f>i(r»5 
mm?') -ymm 

-B£©<fc5{C. REEffi? y~:/tt (compressive creep 
resistance) tt, :/n y t>tm(,mT ZMWJiW&Vk 

EM&tjun (csr) {cfcotrjuseLfcic^, 
so3*#M?ti/tu) . cnecHccfc^r^, cs 



5 0hr*r<oatmiai©Har*s. az9 i dsot 
ji/s-^aa3 8 omurmimmzhtccsRm 

[0 0 3 1 ] 150 "C. 7 50miV, A E 4 2 »£J» 
£W©5 8%£«#U — AGX^iOCSR(J6 
30 8%~8 2%(DmmiChtc<0> ±Z AE 4 2 ^VSmtc 
ofc„ 175°Ci?, AE42©CSRWj:?)T/i)S-3T 

<Mg II Al 11 ©M«WT$5 I ACX^»zgJK 
©±Jf«J:-oTHC*{fc«*3fcl,». Ctitt, 15 0°C 

2 %/c o /c 5 ISSi 7 U - y'O^om^CDJ: *> ft , s r 

£ttW* y 2 ^t&ft-f 

^©»»c s RIS*tcfc^r«^*Hc j: io bj/=,*j 
^ S r 7^07n^>^LfeAC 5 31* 
40 (ft*, rMK©TJl, 5 - AHJi^feA 3 8 0 £ii£A,£" 

[0 0 3 2 ] H4«, Sffi^jt b tcffiRU VJtiTs hV 
iibfeiiD, AC 5 3£5&iC||-f -2>, 7 5 0 0^©^ 

X»Ml*!-Ci#j£UeA C 5 3 + 0 . 5 S i ££KWT 5 
CSRr-^. MficiWjZ hf^L/c|^©AC5 

3 + 0. 3Si+0. ISr^icR-rsf-^-C* 
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* Z9 1 Di*wa»«:te^-Citl8Lfc. -r-££OT© 

[0 0 3 3] 
[»5] 



*. 1 O^te©»0»ISAi«KfeWS«iL.T<DA>X 





{%«*) 


AZ91D 


0.4 


AM50 


0.7 


AC52 


L5 


AC53 


2J 


AC53 + 0.3 Si 


1.6 


AC53 + 0.3 Si + O.lOSr 


1.0 


ACS3 + 0.3St + 0.14Sr 


1.0 


AC53 +"O.02Sr 


0.8 


AC53 + 0.05 Sr 


0.6 


AC53 + 0.10 Sr 


0.5 



[00 3 4] m.5lC£Zt. Sr^tv^nrn 
-O^OfcACX^&ttAZQ 1 DiHfMgOCfi<TOI 

T . AZ9 1D T'tt¥^T* 0 . 5 %©M*i&?<: o fc 0 
AM 5 0BAZ 9 1 Di««BI8JtR:fi<«ttl/fc. X 
*S0. 0 5%~~0. 19*<0«H©Sr 5 fcAC 

X^4>. C©U-<;KDBAt4**JlLfc 0 J: 
Sr U^A-«jblf4C£rl«ttt*«JftbteCi 
4, S i «4%ST&5 6tA>C4 4#S7p£ft£ 0 H^© 
feUSC «fc 0 tf 6 "3#*5*> -o &©T\ 2 %%t 3 %© C a © 
i?#BB«firi*^^ 0 S*Wfc*tt»T*&3 tifc£<r © 
fitt , m b r 3 -o©Kf4© 3Wc -3 /c „ 
[ 0 0 3 5 ] JB^CH«C*JWSffkCDf !r -^«, Mg©J» 30 

II1-Sfe©r'$,S 0 N i SffCuOi^K, AZ 

zsL^AM^owftisa*** n mtkz&z. -? ^ 

s g n«j§>SO'»©#%^ 
C©^©*^©SKK:*rt»Ttt, Mg-Al-CaH 
Tnf* (ternary) # P^©#l«t|Sl.TlJi2T £ 

fc&ic, jfflB*tcCa*aa*W«:JB*fc|ft«:. Mg-4 
%A l?g»ft*6t>S»4*5|*&^)t. fcT>l*R*J|| 40 

R5ll/fc. Ca^l%*i®»^, XRDEIJBJCfo^T 
a-MgO^RSUfc. Caj&JlXfttflHfctt*.* 

*2©fl|T7*SMg,Ca*>|5I5tO. ^©S«, 
SWOCa U^U3W±»-rS(Co4T,riS^:L/fc. SI 
*3ttfc^5£»©»tt«\ ti#©Mg{4g±©Al© 
K&. Tftfefc (Mg, A 1 ) ,Ca£*Jft,ttt>. ?g 
^©Ca^WS^^-TStc-otir. tt^-JgGMiJ: 9 
f£^a^©73l^> tftfcfeW-CcfcO A 1 #4>&1>:&|$| 
K^J&Ufc. blPbtztth, |s]B#^c©fB©Stt % -te'o 50 



*>6S«2 0%{Cii^l,fc, CtiB, H-^Mg^6M 
g - A 1 - C a H7cf*-^© A 1 ©#«!&£ D 5 4S*>tl 

[0 0 3 6 ]MJSUT, Ca^Wa^if^Ura-Mg 
©S#l o 0%2p6 8 0%(cffiT'T-S{conr. Mgfl 

[0 03 7 ] if U>&JJSHtff-C*.& (Mg , A 1 ) , C 
att, HsKW{c]St»l8bS (7 l 5 C C) 4fi, &J?fcit 

CteSMtg. (/vfrU) £Mg/ (Mg, A 1 ) ,Ca# 
MKfcW^/lN§^^«^ (3%-7%) 4£WU 
&£KfflB*£.a. (Mg, A 1 ) ,Ca(Dl$fS 

iff »&tt' 4 ©swtt, v ^* •/ 9 &mMLft icte w 

5f>-'>^SS (pinning effect) -eftKJ; 

[0 0 3 8 ] ffi©fflttiH]ssn-r; ai.c aMMg ' 

..A !, 2 ©iEt&tt&tiJ3ft&j&:>ofc. LfrLt£$iP > c->j 
b td^mt. ±m(0 <fc 5 SC. h ©<gl]ilg£ *y 

s * u- h-rs/tfcoc©*ffiffi3nfcb->^©^tff«: 

«Mg,CafflaUi*ffL. *©MgJC?©IWM5#A 
I"C«»jft*6ti-Cl,»fc. SoTA 1 ,CaBMtli3ti 
T, W{CMg„A UiMMflSftttfrofc. C©Ci 
io-Mg^CA ll^f#©^^c4 4K:d;-Qr^$n 

s©«> caB^?.A i fciaii&totcste&rs-e©®: 

S£&*s*fcU Mg 1 ,Al n ®«»^fc') 1 -e 



C9) 

15 

^©t\ c ^ L-fc^tttA z 9 i d «t V) h^m-c\m^ 

[0 0 3 9 ] SSTCiC^., ACX^fflUfc? 
58tt. /J^&i£tt&g|S a a n. m«3l§lffl©1$RWBtI& 
Jc-oT. Kfllfltl. SWMft w©*t> 

fc#. ens, ^^ffls*±»rscit?Bf*ufc. * 

[0 04 0] 3>f*-^^-Xffl^F«3-C©^CD^ 
<tt, a&SSfr©^ »DRPft&|^Rtf©£lg, 20 

* tdam&Kv oy&mc <t -cm* s £gt> 

35««tt5cSSTf^©*^SFtB H 5 - 7 K «fc h 

5« fttJ^ffi©^^ (staining) , R^fiJ 

ft, #4tt*Rtfy^©iS#DjB&f>ra (solderin 
g) \%±X, 1 %©C a<£AM5 0 &CjH;lfc*8#fc«J; 

#*tl£b;^©|&Ji©3£#<!: — SfcbTVfc. aiigr)^ 
SR^jRttOtB^Ktt. C a£flllr»fc.££fl: (S r £fl§ 
l^ftttcim^Tlc) ©8&*tt<fc»j/h2>(r>. Caffi* 
au^jutt^2%r&s„ c©u-*yi4**fc»i";-:/ 
te&aWAtttcw or fc«afc*.*. s r «:» * y - y 

[0 04 1 ] C 9 L,fc^K«:£-5tr>T 4 /jN^^gp D a aiCW 
f S C 5 0fc6&©fllSttt££*VC* *3 , 'PU < £ A 40 



fflt 2 0 0 0 - 3 1 9 7 4 4 
16 

Z9 1 DtOfeOiBBttfcfiff-CftSi. £fc. Jf^gp 
t©iittBAM5 0©fe©taOTO-C*S<higfi« 

Vhtxtt. az 9 l Diiy- hS©»jS©^{cfcur 

»az9 i D*ffli»raw««:ifterc#fcct*s^sft 

[0 04 2] *#6W%»o*»©iRf3e©SIJkff(«:R|LTi» 
[@ffl©ffi#^ISBJ] 

[HI] 1 5 0 -C. 17 5 °CRtf 2 0 0 'C©-^SK 
r, -&tl^n 1 2 ksi, 1 0 ksiS^8 ksi<D-ffl$3TF 
r©< v^s^a-t^s-^a (5%) -*;u^>i) 
a (2%) ^icpT-5i";-7 - t>Ta-M©^^^-c 

[02] ^*XHrteifrjR©7A5.=.«>A^fe3 8 
0 , rfsMO v >- ? A-££ A E 4 2 A Z 9 1 D& 
OTC*^1^©« lUkC X^sfe©. 1 5 0 °Cr 7 5 0 D# 
IH*r©eiB©IB©BEW6aj«W*©^5 

[03] M,fcTfJJIS©TJU5^0A^3 8 

0, fI©vni")A^AE4 2Si>'AZ9 i Df 
CWC*W»©a*ttACX^A©. 1 7 5°C~C7 5 0B# 

[04 ] aS^tcSBSO^ACX^©. 1 5 0'CRUl 

7 5 "ct 7 5 o i$m©n©fiBt8ieAfi9$©^a » t> ?v 
[05] ^fc^afttiHM9tt*^rr4i*<csh"ct» 

5rfjM©v^*^>5A-£:£t?&£AM5 0, AC5 1-& 

[16] AM5 0^#, AC 5 16&»C««&AC'X 
[0 7] AM5 0^#, AC 5 1^RWI«4ACX 

^{cwr s»jfitt©«Rff w ( a» aiyf« a tew 



(10) 
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[Mil 



[12 2] 



0.45 
0,4 
0.35 
03 
£0.25 
- 0.2 
^0.15 
6 0.1 
D,G5 
0 



150C, 12ksJ 


175C, lOksi 

2Q0C, BksL^^^^ 








(d~d£/dt) 
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[04] 











- »AE42 ^\ 








-AC52 ^ 








*AC53 








- xAC53+O3SJ+0.1Sr 








~ *AC53+0,03Sr 








*AC53+0.07Sr 








OA380 








- QA291D 








xjjLLUiit i..i„i„nrit! \ . 


uxuul ! 


I I H Mil 
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AC53+0.361+ 
0.1 Sr 



M5] 



me] 



ju 5 

A 4.5 

r * 

% 3.5 

2 3 

Woe 

^ 1.5 

S 1 

as o.5 

ft 0 





AM50 AC51 AC52 AC53 AC53+ AC63+ 

0.1 Sf 0.2Sr 




[H7] 



JL 5 

* 4.5 

f « 



3.5 
3 
2.5 

2 
1.5 
1 

0.5 

0 



■ L. 




AM50 AC51 AC52 AC53 ACS3+ 

0.1 Sr 



«H2 0 0 0-3 19 744 



$~~y*~h\ uztJji, 1440 *£-*b;UX, «5 ? Mf-f K - h 
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